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ABSTRACT

Modern decision-makers using the systematioc

approach known As systezs anslyeis ne A deocision-~
wakine tool are faced with the delicate probvlen of
choosing the correct method of analysir and anplica-
tion of resources to this analysis effort. This
gtudy examines the brosd concept of systens analysis.
The applisation of tweo methods of analysis, cost-
affectiveness and the pey off table, 1is 1llustrated.
it soncludes that an understanding of the factors @&
dect ilca-meker miet consider in selecting the method

and axtent of antlyeis effort is necesgary in order

to nerform fruitiul analysis efforts.
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PREPFACE

| This study investigates the overall diagnosis

required of military and civilian managers when
seleoting the method and extent of analyeis effort

coin s S )

required to accomplish their basic objectives. Thas i
writer believes that contrary to populsr belief, systems i
analysis requires careful examination of basic objer~

tives and efficient applioation of all resources to i
| achieve desired objeotives.

i The writer chose this area prinmarily as a resunlt of

| the challene issued by L. General John W. Carpenter II1I,
I Commander, Air University, in an address to the students

of Aly Cormand aid Starf Collese in September 196S. In

his address Cenei’al Carpenter forsefully emvhasired the
vanera) inadequacy of Alr Force officers in the field of
syatens analysis. MNoreover, General Carpenter stressad
that Alr Force offlcers must become mors familiar and |
active in this fleld in order to present the Alr Torae
poaition more aocurataly. He further emphasized the
need for compatent military to sain scceptance by the

strong analytical element within the Defense Departwent.
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The basic objecbive of this paper will be satiefied
if, even in a small way, it improves the military
wanager's understanding and ability to apply efficiently
his resources to systems analysis and his decision-
making needs.

The writer would like to express his sinoere
appreciation for the efforts devoted by Lt Col lLawrenoe
R. Pote and Lt Col John J. Boyne toward the ocompletion
of this thesis. The guidance provided by these
of ficers and the patience and assistance of wmy dear
wife were instrumental in the gucoessful ocompletion of

this project and I an deeply grateful.
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CHAPTER I
INTRODUCTION

The problems of military choice in the fifties were
(or were thought to be) simpler than those with whioh
we shnll deal in the future. In the past, little uee
was made of any systematic methcd in deoislon-mmrking.
Accaptable reaults using rationelizing cholce were
relatively easy to come bLy--once ever-present buresu-
cratic obstacles were overcome.1 Decisions baged
totally on retionalization and intultive jndement sra
no longer acoeptable. Modern docision-maksrr muet
avoid the temptation of single judgment and uge the
systematic methods of analysis now available to then.

The fonoction of the new analytioal technique cor-
monly referred to ag systen enalysis has besen to vrovide
dacision-makers with 2 aystematic method by whick they
nay detarmine relevant altarnativesg or cholce:n in
solving problems. This methodology does not ovrovide the
most correct choice in any sequence or nriority, bat
rather it attemnte to sliminnte the underirsdble courasze
of action and weateful cholcesg, In ualny this method-

oloesy tihe decision~takar ust racownlirze hLie asgertind
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characteristion and not exaggorate its usefulness . . .
actunl or potentinl.? ‘ )

Rising costs, ~~phistication of systems, and |
inoransing uncertainties doces not allow high level
declsion-pakere the luxury of gross errors of'Judxmont.
especially in the ares of treating uncertainmty. The
use of system analysis provides a netnod.for treatine
unocertainty and at the same Sime providing the decision
With efficient altermatives. |

The elimination of gross inefficiancies

permits us to spscify more precisely major

uncertainties. This 1g important in that in

some ways these uncertainties are increasing

rather than receding, particularly those

relatirc to objectives or measures of !

affectivenssa.. ’
An 1llustration of this type of uncertainty would be
the inability of the Department of Defense in peacetire
to mersure the verformance of many of our defense
aystems agrinat our enemy's offensive threat.

The ornoial choleos fasinz decision-nakera, military
and civilian at all levela, warrante & convrehensive
understianding of all the peesible methods of analyais
availnble to them to aid in making proper choices.
3imilarly, the deoiston-mnker wust ohoode hig method of
analyais bused on his dgment as to how muoh of his
resources he should expend on the analyzis effort.

Prior to embarking on any analysis effort a critical
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dlagnosis 18 necessary. "Acourste diagnosis 1o the

essential first phase of sound decision-making. Unless

the initial dlagnosis is correct, &11 subsequent planning

will be futlle."“ The amazing suocess of American
industry during the lagt half-oentury with scientifioc
management has led most modern managers to regard
intnition as a last resort.> Mr. Alfred P. Sloan, Jr.,
in commenting on the phenowenai success of General
Motors Corporation, which he headed for so many years,
gaid, "Few people are willing to go to the length we do
to get all the facts poseible and look at a problem from

all anzles before making a deelaton."6

Fany times, as in the case of defense systems, we
are confronted with a situaticen that is complex, vrin-
cipally becanse 80 many 4ifferent things need improve-
ment. Undaubtedly, some cocinnections exist between
problems that are very similayr and we will rRometimas
yisld to one Af, ty doing &0, we can improve perform-
ance with respect to the othera. At what point do we
2top tradineg? If we are unoertain about the anmvar, it
m2st mean that performance is8 in a range in whloh we do
not. feel atrongly about minor differences. This 1im
another way of gaying that this problem or aspent of &

fa
larger encompaseing one 1s no longer important. Thin

1e what the writer contends is & oritical point in the
3
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diagnosis period for a manager. This is thne point where
he will make s deoision as to how much, if any, of his

regources he should expend in analyzing this problem.

Stategent of Probles

This thesis will examine some of the factors that
decieion-makars must oonsider in making /f decision on

the type and sextent of analysis to bde pcfform@d.

Qbleotives

ihe aain objoective of this thesis is to provide an
ingight into a systematioc methodology for selacting the
nethod of analysis applionble to a given situation and
for determining how much anmlysis rasources should be
expended.

The svecifioc objectives are:

1. 7To examine the basic history and theory of
system analysis.

2. To axamine two types of system anslysis with an
exauple of each.

3. To exauine the application and problems
associnted with systems amlysis.

4, To examine specifio factore decision-makers must
consider in choosing the method and extent. Provide
thronith application one method for selection of tyne and

axtent of annlyasis.
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This astudy does not coneidsr complicated or sophis-
ticated mathematic exemples or specific mathematieal
areas of analysis. It will cenal with the general
problem faced by 2 manager assuming the detailed dmta
would normally be prepared hy analysts.

It 18 asgumed that decision-makers will expend
their rasources only after careful examination of the
problam and careful schoice of analysis has been made.
If deciston-makers feil to examine all necessary
factors involved with selecting their method and
oxpenditure of reasources, this thesis will provide
1ittle service. Finnlly, 1t is nasumed that donlision-
makers w1ll aluays have some constraints in the for: of
scarcc resources which will necessitate a critical
d1acrnosia of their problem and the manner and depth of

rnialyels necded o produce relavant alternatives,

Qverview
Chanter One Jregented the problem and objective of
thia thesis.
Chinnter Two will damerice the theory of syeta.
rnalysis, the need for gyaten anslysls, and some Timitn-
“ionas to syatem analvais.

Shapter inree will pressnt two tyver of svstem

B8 )
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annlyn1---colt~offoottv-ﬁolo annlysis and payoff tables.
Chapter Four will demonstrate appliocation and
Pproblens asscolieated with system analysis.
Chapter Five will show a method that a decision-
maker can use in ohoosing the method and extent of

analysis sffort.
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CHAPTER IX
SYSTEM ANALYSIS

Our modern world and particulsrly the linited Stntes
finds 1tsalf at a dangerous orosarondes in the race for
tachnologziorl sunremeocy. If we fail to tnke the right
vath to terhnologionl supremacy, it can be dismatrous
to our way of life; but success will provide the world
and our natien the seourity and prosress wWwe 90 degover-
ately saeek. Ris\ng uncerteinties and ever increasing
sophistication in the atate of the 2rt has nrovided
this oroasroad--n sroasrond of cholce. 5o lonrer cen
noders mititary lesision-makers rely on intaitive
Judgmentn alone. The experlencees of the past no lonper
land thewsalvan co the comnhlexities nnd uncertsinties
ngsoriatad with che preblem of choelce in the presant
age. In regoonks to this nroblem of ocholce, e system-
stic method of aoprofching nroblens and zelectineg rom
among alternativeg hes evolved. This methodolory nsine
both data neguired frow eclentiric methods and intoitive
reagoning is ocalled system analysis.

The nuze of systems nnalysia in decizlon~rakine

requires the axpenditure of varying amounts of the . zers
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resources. The purpose of Lhis chapter is to provide
useful, zensral information on system sanalysis and to
examine the systematic methedology used in sucoessful
annlynis efforts. Careful oconsiderstion of the ocon-
cents presented in this ohaster will provide a Detter
framework for those sontemplating use of systen
analysis and enable them to expend their resources in
these offorts more efficlently.

¥hat It Ie

System analysis is still largely an art ard not a
toumco.1 It 1s a way of thinking--an approach to the
nodern probleas of chelce. System annlysis is net a
trus sclentific spprosoh decause all of its predictions
and altermatives camot be verified. E. 3., Quade says
thats

The phrase "systems analysis“ refers to

formeal inquiries intended to advise a deoi-

sion-moker on the policy cholices involved in

such matters as weapon developwent forsce

nosture desizn, or the determination of

strateglc objeotives.?

A foyrm of aystems annlysis was first used during
World dar II when it bhecame apparent to military men
that many of the systems being developed involved teoh-
nieal know-how which was foreign to past military
axperienca or tramlns.3 Radar wag rn good example of »
new concept that oould not be exploited by military

8



planners alone. To meet this shallenxe a "soientifio”
approach was instituted oombining the talents of many
vrofessions suoh A8 physiocists, mathematicians, and
oiniloyr nighly spealalized areag. Initially, this
early form of analyeis was called “operations research.”
Through time the term hag evolved to the term “systems
analysis.” The ohangs from "opsrations resesroh” to
"ayatems analysis” has resulted primarily from the
postwar military studies which wers malnly concerned
with broad, ocomplex problems and weapon mystems. The
uge of the analysis process in evelusting and choosing
among systems quite naturally osme to be known as
"gystens analyuin."a
Today, the ma jor difference betwesen operations
ressarch and systems anslysis liee in emphagis. ahile
hoth deal with mathematical models and economic ovtimi-
zation techniques, "systems anclysis dealm with con-
ospturl problama."s Thoge where "the problem lies in
deolding what ought to be done . . . not simoly hou to
do 1t.“6 tiera liss the point of emphesis between opera-
tiona reeenrsch and system anslysiam. Jith overatione
rescearch the empheaels 1e on how to pet the most ont ot
what we have, tha maximivation of efficiency in systems
or egquipment already devalooed. On the other hand,
when Jdealins with systens snalysis we tend Lo thini in

9
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terms of "high level,” "broad,"” "long-range,” "achoice~
of-objectiven” whioch normally are asscciated with
sophistioated, present and future needs. Due to its
nature systems analysie is normally assooiated with
national objactives. While the consideration of
optimization, that of maximizing achievement of objec-
tives and minimizing cost, is present, it is enly =
staze of the overall system analyeis.

In short, the analysis of weapons or strate-

gles for future wars presents & new kind of

problen, essentially different from any treated

hy operantions research in World Wer JI, or even

the Korean War. The conditione of research ere

differeant. There is usually more time; there

Are large ocomputational faollities; there is a

great deal of peacetime dats avajlladble, but

virtually none of the desired gperstionnl
information.?

One of the strong points of system analyasis lies in
the systematic mothodology used. The process is an
iterative ono, a oyole starting with probvlem formula-
tion, search, modéel building, snd interpretation. It
is a disoipline of welghing results, questioning assump-
tions, investirating new altoimativea, and reformulation
in order to obtain the spectrum of alternatives helleved
to be sufficisnt to produce 11l relevant alternatives.
the enalyst initially enters the oycle with his prodblen
and this 18 onlled the formulation staga. RLe then

noves 0 the search stage, then to the exploration

10
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stage, and finsally to the interpretation stage. wWhen
disoussing the oyclical movement of the nnalysis
activities, it is important to note that the analyst,
through the use ¢f a systematioc approach, has the
option to stop at any point and retrace or alter eny
input to the Aanalysis effort. The analyst umay complete
the oycle and get results that den't agree with his
intuitive judgment. BSome o' the initial data may or
may not be verified. This 1 the nature of the mathed,
in that muoh of the work done in systens analysis doals
with future requirements and uncertainty. It is this
complemanting aotion of using dats from both intuitive
reasoning and solientific methods that eventually imvroves
the walidity of the resulting choloce of altermatives.
Thus we can say that systems analysie is o logical and
ocontinuing proocess.

It 13 a oyole of definition of objen%ives,

desizn or alternative systems to aohieve those

objectives, evaluation of the alternatives in

torms of their effectivenesr and coats, a

questioning of the objectives and a question-

ing of ths other agsumptions undarlying the

annlysis, the opening o7 new alternaﬁlves,

the estadblisimant of new objectivas.

When dealins with broad mmtionel ohjlectives, the
analyst often finds it dirffieult to start hig anmlysis
efforte. The first nhagso, that of prohlam formmlation

and Aafining adjectivas, cen be extromely diffinzlt Ane

11




to vegue or non-existent statements of national objec-
tives. This iniltial phase may be shrouded under n
blanket of secrecy that oan only allow for intermediate
obJactives and criteria that spproximate what tha
analyst Jjudges to be the higher level of obsootives.g
While working in the formulation stags, the annlyst can
often uncover objectives thnt wers overlooked or
olininate some that were previously accepted. It ia
very important that correct objectives be estabdblished.
The wrong initial oheioe of objectives means that the
analyst may not bhe working on the ecorrect problem.m
The problem of using incorrect objectives onn stem from
another sourcej that of using persons of such wide
varinrtion in professional backaground ae to onuse mic-
internraetation o' vreobtlem and objeotives. It appears
nmost important, shen, that all invelved have a conorste
hypothesis from whioch to work. The idea is to malke
clear tha objectives and atructure of the analysis to
All enmrged in the analvsis effort.ll

The sacond phase of the analysis cycle 1s the
gearch phase. It is hare timt She analyets are probing
facte on which to base the analysis. It is important
to rocosnize that the analyst must handle the faots and
quantitative data honestly--with no bias and insure that

alternntives are not arbitrarily supprressed.l? Value
12
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Judgmente must enter into the anslysis effort, but it
16 expected that the analyst will identify these juda-
sents to the decision-maker. The area of oost is
mturslly oconsidersd, but only es & part of the study
of resourcas versus objactives.

The third stage of analysis is the exploretion
stage. It is here that many analyses fail dus to
isproper model oonstruction. At this stage, modele are
oonstructed and mathematical computations, comparisens,
and ocost-effectiveness applied to the models. 1In
systems analysis it is important to remember that the
mathematician must dsal with the real world. It is not
uncommon for mathematioisns to become slanted toward
the computation of the analysis model and move away
from the original questions of the study.m

The last stage of the normal annlysis ie the
interpretation stage. It is here that all the non-
quantifiable data, moertainties, and contingencies are
considered in relation to the solution derived from the
model. At this point ocornclusiens are drawn. It is
possible tmat the final results ayre not sstisfacltory to
the analyet and he soee hwok and reworks through ell or
part of the procsezs. When he presents the conclusions
to the dectislon-maker, he mist algo presant what he
thinke the solution imnlics. It must bLe remenberosd

13
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that the model is only an indicator, not a judge.

The analyst at this point is not making deocisions,
rather he is helping the decision-maker make the proper
ahotces.l3 e 18 assisting declision-nakers in the
expsanditure of thely nation's or company's vital
resources baged on oconsidered judgment of what the
analysis indicates to be the most correot cholce of
alternatives.

Decision-making in its simplest form can be defined
as the gelaction of an alternative or altsrnatives frew
one or several pasgsible alternatives. It 18 a method
for determining the ultimate course of action. System
analysis 1e much the game, but there is a signifioant
difference. In system analysis the acove is usually of
A bread nature and the dlscipiino is systematic. The
conplexity of muitinlo objeotives, uncertainty, and
conatraintg in the form Sf resources, requires 2 method-
ology that treats the whole gystem. Its purpose 1s to
formulate and re’ormulate every selement to insure that
the reaulting nlter@matives represent the beat noansible
choices to tho decision-maker #s he gooeg about the task
of dociding between thsse cholces and expendins *\im

resoiroen,

14




PP

The Need for Systems Ansiyvels

The Defsnse Department today is the largeet single
business in America. It ims the heart of a complex,
interdependent team, widely diversified yet mutually
oriented. This Department ies responsible for spending
nearly 10 per cent of the national inocowe of this
country. It employs 3.7 million people Airsotly in and
out of uniform and millions more indirectly in every
agpect of our eoconomic 11?9.16

Control of the complex Defense orasnizestion and
efricient diraction of 1ta power and resources Loward
achisvement of its mission of national asscurity
requires more than intuitive and parochial jndsments.
It requires systamatioc appxbaoh et all levels. The
method for gathering, analyring, and presentiny the
datn necessary for decision-making has, due larrely to
the extenslive and imaginative use of eutomatlc dats
conputing by the military, advanced to a point where
centrailzed decision-making le both efficient and
effeotlve.17 This unity and commonality of eyatems
eliminates some of the me jor deficlennles of oast
decades when decling with national security. The naet
aystems were prone to independent orocirement policies,
interservice rivelries, and grent redundancias in some
types of oapabllities and serious shortages in others.

15
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Aooording to Alnin Enthoven, Deputy Assistant Seoretary ,
of Defense for Systems Analysis, during the Fiseihower !

arn there was almnost complete separation batween

planning snd decision-makinz on aysterms and foroes on |
one hand, snd budgeting on the othey. The rervices

made decislons on national security based on their

eatimntes. Costs were not.introduood systeratiocally to

tost the feogibility of sitner the program or the

allooention. The full-tise or phased costs of the

provosed foross wore not presented to the Secretary of
Defensre. Recause, in many instanceg, ths costs were
soall in the esarly years, many programs were started
that oould not be completed under existins hudrets.l”
Syatansg nannlysis 414 not resolve this prodblem but
Seoretary of Defmse MoNamare, using eystems auslysis ,

as & tool, did. Mr., Janes R, Schleainger puts it thiz

WAyt

The function of the new nnalytiocal tech-
nigiues g not bhean to give us the correct
cnolce in meking military declsion, but
rether to elivinate mome very bad nnd waste-
1 cholemg. In our enthusiasnm regserding
analysis, we should not exapgrorate ite

l Aocomplithments actunl or potentiel,19

' L te 3 ms Analys

it the present time systams analysig 1g voseibly

s

the best nanazerial tool available, hut the fiat re say

16
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find it inadequate. Ag the domain of systematio
quantitative analysis inoreases, and &s the irrational
waste recedss, our aetonttoﬁ will turn to t'ose aspeots
of nationAal security in wﬁioh quantitative analysis
cannot provide choicest the problems of objectives,
uncertainties, and stratecic ohoioo.zo

One of the major limitations in using systems
analysis continues to be in the area of treating
unoertainty. There are several kinds of uncersainty:
the uncertainty in planning factorsi the anemy and his
reactionss the strateglo contoxt such as "Who will be
our enemies, or vho will be our allieg?," "Will thare
be a way during the peried covered by our anslysis?i”
technological unvertaintys and lastly, statistical
uneertainty.”l f we look only st the statistioal
uncertainty, we :"ind that it is obvious that ueing oost
dates in a cost-effectivencss analysis of & weapon
system is feasible but how do we measure the effective-
neas from a military standpoint? Dr. E. S. Quade infers
that there is a way to messure military effactiveness:

Having agreed upon the objectives and

determined o wny tc meagure the military

Al el Al i it it el L

The writer feals that there ic one ma jor premife of

systams analysis that ir most often overlookad. That

17
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preulse 18 TNAT SNALYS1S 18 ST1LL &N AXT IATASr oA U
science. It is dene in some cases using data thought te
be right and possible, Dut with data no one ocan verify
and that oan't be justified. 7The user must mceept ns
inputs many relatively intangidle factors whioh are
derived from human judsment and present answers whioh
are then used as matorial for other judgmenta. This
Judgnent is supplemented by induotive and numerioal
reasoning, where poasible, ut 4t iz Judzaent none-the-
2087

In summary, "the systems anzlyst is not restricted
to the systems hu starts to compare. The most wvaluable
function of systems analysis is often the stimilus 1t
gives to the inncvation of better mtus.”zu Systens
analysis i® necersary in modern nationsl seourity
decision-making. It is falr to say that those who are
mogt oritical of its use in solving the complex prodblewm
of national secw)'ity have not as yet provided any

alternstive methud.

18
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CHAPTER IIX
METHODB OF ANALYSIS

In the preceding chapter, the term “"syatem anslysis”
war defined in its broadest sense relative to the
decision-making process. The writer will now examine
in more specific detall two of 2 number of precise
methods of analysis that a decision-maker may choose
between. While syastema ancalysis is normally associated
with the Department of Defenme, Americsn industry 1is
adapting this nethodology on &n increasing scale. The
two types of analyals presented in this chapter are
reprosentative of analysis efforts employed by the
Dapartment of TNefense sand Industry. The key to miccess
in decislon-making doss not of necesasity lie only in
the analysis itself, but rather the decision-maker must
agalre that the prover type of analysis has besn
galeoted and availsble resources are nff%ciently
expvendod. Analysis like economics involves the alloca-
tion of scarce resouroces.

Rosource limitationz are our startinc noint

bacauge in rll problenms of cholce we strive

to zet the most out of what e have., To ont

1t nnother way, wa try Yo uge the reasources
thot are available to us so as to maximize

19
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what soonomists call "utility.” Resources
are always limited in comperieon with gur
wants, always constraining our action.
It is this nodeyn theory of usility, or merginal
analysis, and more specifioally "ocost-effectiveness”

that will be treated first.

Sonk-Effeckiveness Analysls

Onoe the decision~maker has assured hinself that
his problem is quantifiable--3hat is, having the capa-
bility to measure both She cest and the effectiveness--
he then prooesds to examine 18, $o estabdblish hie
objeotives and his oriterien. It is at this point that
compon sense tells the deocision-maker that without some
constraints on the level ef effectiveness or total oost,
the ratio may develop extreme peints of effectiveness or
cogt. It becowes appayent that it is feolhardy for She
decision-maker to wirk at either sxtreme, for as in the
oase of defense spanding, a decisien based on cost
alone might prove to be an inexpensive wy te invite
and lose a war.’ As Nr. Niteh stated: “Ressurces are
always limited in somparison te our wants, always oon-
straining our aotions."”

The writer aocepts this ocondition and presmlgates
the position that with budget limitations, as in the
cage of defense spending and the desands of national
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ssourity, She use of cost-effectiveness analysis is a
valuable decision-making tool. Having established the
faot that the rational desision-maker will normslly
avoid the extremes of cost versus eoffectivensss, we
shall now look a$ two axamples of how this type ef
analyelis oan assist in determining the best choiece of
alternatives. It should be pointed out that these are
over-simplified examples intended only to demonstrate
the technique involved. >

Typs I. The problem is %o wazximige the number of
targets destroyod with a given budget of XX dollars.
The alternatives for acocomplishing this teask may be:s

1. Use all type B (bomber).

2, Use all type M (miesile).
3. Use a combination of Sype B and type H.6

Figure 1 depictes hew many bembers and missiles that
can be bought with XX dollayas (it assumes that the cost
of each is the same)}. The range of choiee is from all-
bomber foroce of 150 B's to all-missile force of 300 M'a.
Tha "exehange curva” (styeight line A-B) gives the
comparison line for the various ocembinations of bombers
or missiles that can be purchased with the fixed budget
of XX dollars. The problem is now to detearmine the
optimel nix of bombers and missiles in order to maximize
She targets destroyed.’
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() Exohange Curve for

150-~. : Fixed Input of XX
‘RKKHH Dollars
B 100+ /
(Bombers)
50~ o
~ (B)

50 100 150 200 250 00
M (Missiles)

PICURE 1*
Figure 2 deplots an assumption of the target
isoquants possible and the various ocomdinations of

bowbere and missiles and their target kill potential.

The method of de.iermining how these isoquants curves are

actually derived is quite complicated and beyond the
scope of this thesis. An appreciation of how these
curves are used in cost/effeotiveness atudies is not
conditioned npon an understanding of how they are
constructed.

In Fisure 2 the point within the small cirocle
(Point P) represents the optimal uix of RS bombers and

130 misniles to destroy 200 targets. No further

*''his model obtained from "The Cost Effectiveness
“ethod,"” Regearch 3tudy, Air !niversity, 1964.
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Fixed Budget (Exchange Curve)

150+

Target Isoquants

B 1004 _ 300 targets
Bomhers __- 200 targets
| 00 targets

50 |

50 100 150 200 250 300
M ~ Migsiles

FIGURE 2¢

substitution of B for M or M for B would increase the
total possible nuaber of targets that could be
destroyad.n In short, on the basie of a fixed bhudget,
this point "P" gives the best mix of bombers and
missiles with which the maximunr numdber d targets would
be destroyed. Having seen the appliocation of econonics
to maximize the target killl with s fixed budget, we will
now turn to the problem of minimizing cost with a fixed
or specified level of effectivenees.

Type II. Thie problem differs from Type I in that
we are given a fixed level of target kille required and
we Aare to minimize the cost. Once more the model will

be simplified to ingsure complete underatandinz of the

*This model obtained from "The Cost Effectiveness
Method"” Research Study, Air iniversity, 1964.
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technique. Aes in Type I, we find three alternatives:
1. Use all bombers.
2. Uese all missiles.

3. Ume @ mix of bombders and sissiles.

150«
B 100=
Bombare 200 Target
a
50~ {Egggdniovel of
L effectiveness)
50 100 %0 200 250 1300
Fissiles
FIGURE 3¢

In this prob.ea we have a fixed level of effective-
ness of 200 targets. We must deSeraine at what point on
the target isoquant we minimize the cost by plotting
the alternatives shewn above.

We find that the exchange ocurve which is tangent to
the target isoquant at Point P ie the same as Point P in
Typre I, that is the same nix of boaders and nissiles
both most effioient and winimal ocost nllo.9

*¥odel obtained from "The Cost Effectiveness Method,"
Regearch Study, Alr University, 1964.
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200 target isoquant

100=-
Bombers y Z Are

exchange curves

S0 100 150 200 250 300
Missiles

FIGURE 4#

It is important to note that the budgset line and
the target assigned are provided the analyst as =
result of mepareto or post analysle. Reocognize that
the X, Y, 7% would not be truly straight lines, but
would be curved beocause of the varying costs of large
versus small production runs of aither bombers or
missiles. For purposes of simplifying the 1llustration,
they eres gshown ag gstraight lines.

The writer has attempted to show tha very basic
formalation of cost/effestiveness through the use of
economic models (Figures 1-4). The nroper use of data
derived from such a wmodel will be very helpful to the

analyst and ultimately the desision-maker, but there

sModel obtained from "The Cost Effectivenesas Method,"
Research Study, Air University, 1964,
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are some oconsiderations that must be remembered:

1. uWhile cost estimates are basioally easy to
determine, the estimate on levels of effectiveness are
often only educated guesses.

2. The faator of unocertainty and ochanging
technology.

3. Incompleteness-~both as result of the limita-
tions of time and money with sffeot on the depth of the
inquiry and the exmctness of data 1nputl.1°

In the cage of fesderal oxpcn@lturo for defenss, the
use of cost/affectiveness analysis is a systemetio

rational way of looking at a problem and gives nt least

A smaller margin of error than the previous prectice of

"trade off and bargaininge between the servioce for funds.”

The following is an appraisal of the value of this type
analysis by Hobort 8. MoNamaret

In adding to s defense budget as large as the
one we novWw have, we bagin to encounter the

law of diminishing returns, where sach addi-
tional increment of resources applied produces
a smaller inocrement of overall defense ceapabdbil-
ity. While the bLenefits te be gained from each
rdditional increment cammot be measured with
preciaion, careful oost/effectiveness analysis
can preatly assist in eliminmating these vproaram
proposals whioh clearly ocontyribute little mili-
tary wealth in relation to the resource expen-
ditures involved. We have applied this prin-
ciple thi?ushont ouy program and budget
reviews.

The decision made by the Department of Defense oan

26
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not be considered rntlonﬁl if adequate knowledge of
alternatives in terms of their military worth are not
related to their oolt.12 We ocannot be so poor as to
fail to pay the necessary price for national security
nor rich enough to squander our resouroces in the name
of national uourlty.13 The value of ocost/effective-
nese analysis and ite economic barkpround cannot gulde
us to 2 total solution, except in a very formal and
empty menve. liowewer, it oan be a useful guide in
exanining alternatives and making improvements. we

shall now oxamine another decision-making tool that is

found morse in the business world than the povermment.

Pey Off Tablon*

A method of analysis whioch is less complicated than
cost/effectiveness analysis but nevertheless very help-
ful in deoision-making is use of the “Pay Off Table."
This method of amalysie has been devaloped with certaln

human limitations in mind. 7The first limitation is that

the human nind doess not function well when dealing with
milti-dimensions, with handling two eidss of s gquestion
gimultoneously. The sscond limitation is that

*The thoughts and models on the subjeet of Pay Off

Tablas were obtained from s lecture by Dr. Paul A. Vatter,

”Deoislon-&aklnﬁ." to the agugnnta ef Aly Command and
Staff Collegs 14 September 1964,
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frequently "sest of tha pants,” intuitive judgment will
not melect the best chotoe of mlternatives. The very
heart of any aystematio analywsis is the adequate search
for and sxamination of all possidle alternatives and
the proper treatment of unocertainty. What often
separates the geod from the poor decision-maker is lack
of imagination of coreativity and improper treatment of
probabllity and unoertainty.

The method used by Jullius Casesar to devastate his
foes wag to divide his foes into segments and oconquer
them individually, then regroup his forces. The
prinoivle of Aividing and conquering-~the breaking down
of complex probleme into segments and applying judgment
and experience--is the foundation of the "Pay Off Table.”

To desaribe the pay off tadble and its possible use
by decision-makers the writer will present an over=-
simplified situation and model. It should be noted that
the noints fre over-gimplified purely for esse in under-
standing by the reader and does not constitute any
inherent weakness in the methed. The reader should
asaume that he is acting in the role of a ocompany whioh
producas an nroocapted type of consumer goods. The
regenrch division of the company has proposed a new
prodnct to complement its existing product line. As head
of the company you feel the product has possibilitles
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and declde to make a decision on whether to place 1t on
the marlret or pass it by. Based on the depth of study
required and available data and other resources, it is
decided to use the "Pay Off Table™ method to analyze the
situation.

In dealing with the "pay off table" there are three
me jor aspects of considerationi

1. The monetary aspact-~-an analysis of the expenss
involved and the expected revenue.

2. The aspact of forecasting--the demand, the
nncertainty.

3. The risk aspect-<how much is te dbe gonined or
loat if placed on the market? What premium would the
company want to make in order to take a risk? If at
this point an informal decision was made on enap Jjudg-
ment, the melding together of all three dimensions of
this problem could result in disaster.

The company engineers state that there are two
processes for production of the new product:

Progess A

1. The product will be made on a simple machine
thut the company leeses for $1,000 per yaear.

2. The variable cost per unit of prodnotion will be
$1.00,

29
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1. The product will be made using & highly aute-
mated complez plece of machinery which the company will
leane for 15,000 per year,

2. The variable cost per unit of production will
be .50, |

For the purpose of this model, assume the tradi- |
tional narket nrice of this type produst te be fixed at

ReCatec b ua "

*1.950 pay unit. The wodel (Pigure %) is an over-

gimplified example of the technique used in this type
analysir., The first colusn, for example, shows only
three volumer of sales. This range ocould be varied fron
zero to points in-between those given or above the
highent shown. Ths alternatives for the comnany have
been limited to threes again, others could be considered.

PAY OFF TABLE




———

Ap stated nreviously, this method of analysis depends on
breaking down the problem and solving sach aspect
sepayately.

Taking the first agpect, "the wonetary aspect,” we
oconstruot the table (Figure 5). In entering informatien
to the table, the first alternative of not producing the
item would ave us placs zeros by all sales volumes as
we didn't make any money and we 4idn't lose any. Look-
ing ot alternative "A"™ with a fixed cost of $1,000 per
year and variable cest of 51 psy unit, we find that
1,000 sales at 81.50 per sale we would lose 3500 (42,000
cost~-31,500 sales revenue). Using the same coat data
with 5,000 snles, we will show a profit of 31,500
(37,500 sales-36,000 cost). And finally, ueing the same
cost data with 10,000 snles, wae would make a profit of
4,000 ($15,000 seles-311,000 cost).

Moving to the lagt alternative, “B," with a fixed
ooat of 35,000 per year and wvariablo ocost of .50 per
unit, we again enter the table with 1,000 sales at %1.50
ver sale., At 1,000 sales we snter a loss of 44,000
35,500 cost-31,500 gales); with 5,000 sales we enter
gero or broak even (§7,500 ocost, 7,500 males); and at
10,000 sales we show n profit of $5,000 (575,000 salee,
310,000 oost). Thus we hnYe handled separately the

"monetary" aspeot without complicating our mental
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process with considerasion of the next aspsot--that of .
"forecasting.”

In the area of "forecasting,” the first considera- |
tion mist be the oriticel event--the demand. What is '
going to be the demand for this product? We are now !
dealing with an uncertainty. The queetions of produot
avpenl, product quality baockground data, and finally,
Just how strong do we think the market will be, mast be
equally congidered. It is at this point that we work
with begtting odde. We will say that the odds are one in
two that we will sell 1,000 and one in three that sales
will be 5,000, and one in six that they will be 10,000.
Thege odda &re our language for expressing & judzment on
snles. It should be emphasized that & single point
Judegment should 1ot be used-—say 850 sales, with a
dealision baged on this figure. A forecast is based on
nlternatives--with diffrerent likelihoode, hence, the
ndgnent of odds. Treat the judgment on the odds like
n lottery. TFor example, you hold ?70€ of the tickets so
you lmow thore are 30f against you. Similarly, you know
that 1f thores are ten tiokets, you hold i through 73 1if
1t s &, G, or 10, you lose. If you hold B, 9, or 10,
707 or 1-7 are againet you. Try and find the best jude-
ment on your odds. Use all data avalladble such as

records showing sales of similar produots, look at market !
32
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prosvects, look for different or peoculiar features of
the propoged nex product that may modify your Jjudgsent
' of the odda. It 2ust be remembered that the monetery

aspesct must not he a factor in develoning your forecnst

or odds,

| In dealing with the risk aspect, which is the final
E ] agpect prior to putting ths problem together, the writer
¢ will attempt to simplify the prodlem. Thore are many

| methods for establishing risits end in the resl world

i this would be Pandled either by use of utility theories
or judpgments. Feoy the purposs of thie model, agsume the
amounte of money involved are not sisnifiocant to our

firr. ith this premige emitahlisned; the writer will

| agaune anay the risk aspect with a jJudement., Havine
| donlt with the three dimensions of the problems, we will
not put the nroblem back together.

The oriterion will be the grantaest oxvacted monetary

mlue (V) of elteornmatives "AY and “5.” The indewx for
the sotions coverad aixht be the averanere welrhod by the
| 1ikelihood {odds) that 4t will oceur demond wime. For

b i axarnle, the “MV of A" would bLes

] 1/2 of ~'500 {-3250) Plus o TRV (+5917)

t/7 of +:15090 (+3500) Plue
1/6 of +4000 (+£567)

| 343




|

o

The EMV of "B" would be:

1/2 of -24000 (-onoo; PMus
1/3 of 0 (0) Plus = EMV (=$1167)
1/6 of +§5000 (+ $8%3)

PAY OFF TABLE AND EWV

FIGURE 6

In thie case we would choose alternative "A." The
EMV of +3917 is an index of the desiradility. The larger
the number, the more desirable, Thus, the rational
decision-makar could look at his wodsl and its results
and say monetarlly, demand and riek wise, altermative
"A" looks more faverable. A side effect is the estab-
lishrent of the value of perfesct information. The
monetary vinlue will be the same as the EMV of X (if each
anmount ugsed wag perfeoct, verifible data).

EMV %0 + $500 + $833 = #1333

minus 1 EMV of ™A™
8 Value uf perfeot
information
s
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The significance of the last point 1s that the more
you think you know, the less you will pay for informe-
tion. If the monebary consequence were ten times, you

would pay ten times mora for infovmation.

Conclusion

In this chaptex, two of the many types o analyses
have been dsmonutrated. The seleotion was intended to
shovw one method uged prinsyrily by the Defense Department
and one found popular in the industrial community. The
value of using these and similar methods of analyses in
decision-making ¢an de stated best by the remsrke eof
A. C. Enthoven:

We must make dafense planning and the selen-

tion of weapons systems on an intellectual

rather than (n smotional process. To do this

we must turn our attention to ;20 question of
what's right, not who's right.
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CHAPTER IV

APPLICATION AND PROBLEMS A3SSOCIATED
WITH S8YSTEMS ANALYSIS

In previous ohapters an examinntion has been made
of the need, struoture, and methodology of systems
enalysis. An understanding of this need and the work-
ings of system anmrlyels 1@ necessary in disocussing how
dacislon-makars oan seleot from among thesoc systems of
cholica. The purpose of this chapter is to analyze eome
anplications of systems analysis and illustrate somne of
the limitatione and predblems associated with its use.

A fundamental background of the sudbjest should provide
the decision-meker with a more objective view of the
value, linitations, and problems associated with
systemntio 2nalysis. Thie fundamental background is
nlno of valua to the deoision-maker in choosing a method

of analysis, the subjeot of the next chavter.

TFX _Systen

To desoribe aastual application of system analysis
the writer will use ag a model the analysis process used

in the selaction of the TFX System. The decision by

36




gy

Secretary of Defense MoNamare to choose General

Dynanios/Grumann as the source foy the controversial
TFX system saw uge of scme analysis principles such as
ocost-effectivenens, use of oriterion (structural design,
comronality for bl-gervice use), and ocemparison of data,
If we look at the disocussion in Chapter II dealing with
the various activities in analyesis, it beocomes apparent
that Secretary oNapara went through four of the five
major stages--thnt of farmulatien, search, explamation,
and interpretstion. Some wight feel that the fifth
staze, that of verification, hmd been dealt with to
sone degran.l The writor would propound that most of
the verifiontion prior to award of the oontragt appears
to have hean baged on prior experience and contractor
conduoted tests, and thuz not entirely complete., By
taking each gbage separately and leookina at the basic
gteps tnken by the 3earetary of Dafense, we oan gnin »
tetter underatanding of his appreach tn the problem.
The first gtage, that of formulation, wag initioted
with the decision that the nroposed TFX ocoincided uith
Secretary "oNsmarn's idoa of A Weapon system which waa
required to operate under the “controlled responss
thaorys” 1.e., one that provided optiona on atilization

choicas much Ag nll-out nucleaxr stratesie annabllity

or tonotical usme of atonic wwapons.z This decieion lad
37




to a second, thnt a single type airoraft wasg needed to
fMlfill the requireamsnts of both the Alr Foroe and the
Nevy. «ith this commonality in view, an assumption was
nade from A& ocost sSandpoint . . . that A oemmen TFX
would save about one billien dollars and at the same tinme
be versntile enough to meet both Alr Force and Navy
needs.’ Thig belief was consistent with earlier guid-
anoce “to procure and operste the force at the lowest
poseibls oost.“b

The assmumptien that the TFX was a guitable system,
neating both the needs of the wmilitary and the cost
congtraint built an argment toward agresnent in favor
of the Seoretary's objective-~fp bujld & foroe of TFX's.
Having defined the objestive, the next stage of analyels,
that of search, was entered upon.

In the gsearch atage, the immediate prodlem of who
would produce the system was dDrought inte foous. Using
the eatablished prooedure of establishing a source
selection board, the Air Force, sassisted by Navy
representatives, requestad proposals from ten contractors.
The selection board then developsd an svaluation
eriteria, and an ewaluation group was seleocted who set
upon the task of svaluating the propossals submnitted by
the eontrncton.s The data required and the time sue=
pense astahblished presented a very difficult task for

38
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the cempeting contractors. The short time suspense
lent some doubt on the validity of the ultimate pro-
posals and supported a belief by some that some companies
bid low in order to "buy into" the system and maneuver
additional funds as the system progruud.6 The
ewmluation group, after review of the proposals,
refused to recommend a centractor and proposed that
Boeing and General Dynemice/Grumeann bs awerded study
contraots. They felt thiz would stimulate incentive
foxr ocompetition from both the oost and design standpeint.

This proposal wag overruled by the Source Selection
Board who recommended that Dooing be given exclusive
prime attention. This pyoposal wag felt unsatisfactory
and reversed by the Alr Foroe Council and the Beore-
taries in favor of competition between the two oorpora-
tiong, Boeing and Cenerel Dynamios/Crumann. Having
accouplished this milestone, the naxt stage, that of
explannation, unfolded.

The explammtion stage wae set for 12 weeks, but
lasted some ten months. The details are not important
for the purpose of thla study. The significancs of the

time period is the degree of "over-determination” that
osourred in testing the two propeosals. Many uncertain- ]
ties sppeared whioh 18 norual when dealing with a new §
systen like the TFX. It aleoc &ppeared to some that the f
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competing companies atSempted %0 exploit the stated
requirenents of the Sseretary of Defense, thmt of ocest
and ocomparieon, while not meeting the full queetien of
the Defonse objective; te say this feeling in a few
words, Riahard Elliots states: "the TFX, ‘Best Phone |
iver Hullt,' wey not be good enough."?

Seoretary MoNamare entered the final phase of his

S — e e T ——

analysis effort, the interpretation stage. He carefully
avaluated the data presented him and made a yecommenda-

r Pt e e e

tion in favor of General Dynamics/Grumann. He stated
| that “the Geneyal Dymamics program offered a greatsr
opportunity for schieving a high dearee of dependabdility,
and at the lowest possibdle cost." A vital point in

| this interpretat.ien phase was that Seoretary MoNamara

nade hig decuibn apparently in basic disagresmant with

his chief military sdvisors. This fast leads to the

next phage of annlyging this decision. Is thers evidence |
now that Secretary MoNamara made a poor declsion or that

systematic analysis fatled?

shextcominss An TFX Apslysie

when trsating the subject of system analysis, it

bacomes apparsnt that the ultimnte oholoe by the decision=
maker should be objeotive and not subjective. Total

aligrment to one objective may lead to what K. N, MeKean i
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i ' refers to as an "everdaternined” sest. Mr. MoKean f
states it thig way: "It is like saximizing the amount
of aspirin you buy while simultanecusly minimizing the
smount of mensy spems for them."1? |

Secretary MoRNamara, while pursuing the prodblem of

the "begt" TFX source, possibly violated a primary |
charaoteristic of frultful systems enalysis, thmt of
using all resources aveilable to him. The writer is
inferring that some resources lu the fleld of analysis |
wore avallable, but apparently not utilized fully; i.s., ‘

Alain Fnthoven arnd his group of amlyeto.u Aleso, a

study by Rand might have besn of great benefit. If this
aliroraft system had beer subjected tc o wigorous 4

analysie dipclipline such as ganing, with techniocally
expsrienced military players, it appears possible that

the problems now asssn would have become apparent and ,,

dooumonted hef'ore the final deooleion was made. Prob-
lems auch ns being experiensed by the Newvy in the ares ]
of size and wolght wonld have been obviocus if the

analyesis had conaidered the posgibility of changing

SOPRORN A K

technolory snd tho nesd feor modifications whioh are
cited as the cause of the weleht problem. The funda~
nental belief that sysvaouns, particularly alircraft, grow,
though kmown did not recelve the attention reguired of a
oomplete and systematioc search. Hear Admiral W. I.

15 ;
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Nartin states i¢ Shis way!

We are grestly concerned abous the weight (of
the P~-111B). It imfluenses nearly all of She
performanee figures. . . . in one wmy eor

another. Weight h at this peint oan de
a very serious ¢ » Decause alroraft are
knowm to m even after the inisial
produotion.

The experiences of the past, in develeping aircraft
syestens, were Olearly understeocd, Bus Shese experienced
were not fully exploited.

The problen of sensitivity in testing aminst a
model L’ very important in that oertain variadles exert
a far more signifioant effest on the solution than do
others.13 In further exsmiiing the analysis efrert
expended on tha TFX, the question arises as to whether
or not this area of sensitivity was given as high a
priority as cost was. In order t¢ reast %o new require-
ments of technology, the desisn weight of the aireraft
will have to go up--the only way to decrease the weight
i8 the use of titanium, a very costly metal. While this
ia a problem for She contrmotor and ne$ the buyer from
the standpoint of preofit, 1t is impertant because if
the problem is not cerrected, the major basis for
ohoosing this system—--that of ocost-effectiveness--will
as ¥r. MoNamara onoe said, "simply mponta."u The TFX

analyels as MoNamare saw it was a situaSion where judg-

nents were pyramided upon Judmco.m The gquestion of
42
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whether Mr. MoNamara violated a oardinal premise of sood
analysis, that of elimination of bias through over
deternination, may never be knowm. But what 1is now
known is that he 414 not fully use all the resources
available to him in making his oholoe.

The use of Mr. Enthoren and his staff of analyests in
conducting & aomplete systematio analysis would surely
have identified the prodblem of what would happen to this
system when and 1f it has te be modified thies way or
that. They would have &lso looked carefully at the
question of whether the system would be able to meet the
original objectives. Suah an examination might have
oconcluded that 14's all right for the Alr Force but now
the Navy can't use it. At this point, it might have been
determined that (wo of the basic objectives could not
have been met--that of ommmonality and cost. This die-
oussion i® not intended as s oriticism of Secretary
McNamars but rather it s intended to demonstrate the
necesaity for completanass when engrged in analysie

affort.

Qviiop Problems of Systeps Analysle
In describing systems analysis in earlier chanters

it was #aid this type of 4d1solipline dealt with the broad

problens of higher magnitude. It ie for this reason
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that the prodlems and pitfalle assocciated with systeus

analysis must be sarefully atvldod." One of the most

ssvere prodlams fuced by a decision-saker is finding
: the correot type and amount of amalysis. The need for ;
," An interdisoiplinary apprcach may find the predlem of !

such nature to be outeide the avasilabdle resource of the |

decislon-makey. That is, 1t may require expertise, tinme,

or funds which the decision-maker does not possess in

sufficient jquantity. This prodblem will be discussed

moxe Tully in Chapter V.

¥any times the gbjective is inocorrectly determined.
As with TFX System appliocation example, if more time had

been spent in deterwmining the ebjective in relation to
i the future and possidly less intuitive judgment on the f

P T T R IR

surrent need, the ultimate judgment might hive deen ‘
different. A good example of complete systems amslysis g'

e

with clear objectives might de the decistion on the Sky ;
Bolt system. This was a lengthy, intuitive, yet sys- I
temntio, guantitative study of ocurrent and future needs. i
All resources available were placed into motion in this
analysis offort. It appears to have been a classic
exanple of successful system sanalysis.

An analysis bagsed on limited odjeotives nay produce

a logionl alternative or cholioe but ignore other more
valid alternatives due to the limited objective. An
bdy




example would be tha cost-effootivensss studies con-

duoted in comparing modern aivoraft oarriers with other
weapon cyotama.is "In ocomparing eltermtives for limited
war roles, these studies took no scocount of the oarriers’
general war oapability in a comparison with weapons sys—
tems thnt had almost no capabllity in other roloo.“19
faulty deta is an extremely sensitive problem that
is a2luwnygs possible with analysis of any kind. There are
saveral kinds of faulty data; one is what Dr. Quade
refors to asg blind ecoeptance of "offliolal riquroa."zo
"0fficial” figures oan de very damaging to an anmlysis
effort dus to the spectrun they can run. vhat e given
as “offiocisl” may be very bias, very parochial, or very
subjective. It has been said that you oan prove any-
thing with statistics. The same case may be made for
improper sysatem analysis uveing faulty data. An asgoci-
nted problem with "offlcial” data is that the analyst
nay aotially believe his data to be correct and conm-
rlete while this may not be trus. Muoch of the decision-
maker's confidence toward analysts snd their product
lies in the standard the analysts aset in pathering date.
hahn gtates that "he must do enough crosge-checking to
oconvinsoe himself that, in all prebadllity, he hae the

aorreot facts, and then he takes his chancea.“21 To

over orosa~check, howevar, i wnsteful and does not

s




improve the wvalidity or oredidility of the end product,
¥any tizes the limitations of time and money result

in the problem of jinoomblotensas in analysis.

Typicelly, other costs have the same effeot.

For instance, we would like to find out what

the 3oviets would do if we put an armed Minmute-

wan on Moscow. One wry to get this information

would be to launch & Minuteman. But while this

might be cheap in dollars, the likelihood of

other coste prggludoa at onoe this type of

investigation.
This »nroblem of inoompleteness involves the posaidbility
of large uncsrtainties, especinlly in the area of
military effectiveness or future strategy or teshnology.

Finally, there is the ocoomon tendency te have oom-
peting analysis astivities confrent the decision-maker
with alternative sheloes which may have been oreated to
influence the decision-maker's cholce. If o desiaon,
model, or strategy is known to be preferred, the deci-
glon-makar nust make not only Jjudsments on the final
dacision but as Mr, MoNamara states, "also on the under-
lyinie recommendations aud faots."23 Confidence in the
objectivity of the analyst by the decision-naker is
necessary. This 1s eg@pecially true when the analyat 1s
nown to have nade decisions and judgments based on his

hast rationale and intuitive reasoning.
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CHAPIER V
HOW A DECISION=MAKER CHOOSES A METHOD OF ANALYSIS

The problem of how a decision-naker sselects the
proper method of analysis 18 actually a twe-part ques-
tion. The question of which method of amalysis te use
E is dependent on many faotors, including the bvasic seocond
i question of how much of his rescurces he ghould expend.

; Many who advooate the use of systematvic analysis in

* decision-peking find extreme difficulty in estadblishing
fire guidelines for the decision-makers to use in
making these preliminary decisions. With the absenoce of
any puidelines, it therefore becosss obvious that a pre-
l liminary investigation, or in a sense an amalysis, by

| the decision-maker, must take placa. He must examine
! his purposs for oondusting the analysis effort, the oom-
plexity of the problem, and the degree of uncertainties

that exist. Additionally, he must emamino his resources

b i of tima, monay, and people in erder to weligh their

relative cost againgt effectivenses of results expeoted.

Consegquently, befrre smbarking on any anelysio effort, a

O ar ey

critioal diagnosis ie necesgary.
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Agcurato disgnosis is the essential first

phase of sound decision-making. iinless the

initial diagnooise 1e oorreet. all subsequent

planning will be futile.
This is the key to success in making oorrect oholces--
oncosing doth the method and the expenditure of resources.

The advent of modern systemse amalysie is muoch 1like
the early period of data automation. The 1dea thmt the
use of a computer was a necessity to all prozressive
ocompanies was, of oourse, false. But She early period
of computers found oompanies obtaining equipment Sthat
wme not ocompatible to their operation nor sdventageous
from the viewpoint of soonemy. Many would-be users
obtalned equipnment prior to deociding what they wanted it
to do for them or if it wns worth the expenditure of
monay and people. This situsation is much like anmalysis
efforts. Analysis for analysis sake is not ressonable
or economical. Many problesms faced by decision-nmakers
do not lend themselves to m:ﬁmntul systematio or
quentitative anslysis efforts from. sither the standpoint
of depth or relative iamportancs. |

One of the major problems in the initial diagnosis
is the attitude of the aecision-mmker tmrd‘thq prodlem,
"Organizations do oonsist of human beinge, regardless of
Wow mAny mmahines are employed, and hence must be con-
sldered ns phenomena of human betavior."? This 1dea of
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human behavioer is the stem of tha problem in a deciasion-
maker's attitude. If a maneger is traditionally auto-
oratic in pronouncing Jjudgment on problems, then his
initial diagnosis will reflect his perscnal judgment
and has only a questionable ohence of being corvect in
the ma jority of situations. It is this human aspeot
thmt nrovides one of the firet guidelines needed in
arriving at chotlces in methods of analysis and the
expenditure of resources. The writer will call it
oredibility of the indjvidyal. A simpler term might be
experience, Lut experience alone does not always provide
the objeotivity necessary in a suocessful decision-
makey,

The decislon-maker or anslyet in percelv-

ing 9 epolution may only be deceived by the

velzxht of his own prefereroces. The import-

Aant task is not one of reducing the human

elemeant but of clearly identifying it and

integrating it into the conorete elaments

of analysis.
Thue it becomes obviocus <hat while the lesdership role
of the decision-maker 1s very important, 1t must be rade
credible by baing consietently objective in deecisions.
In chooging the term credibility in preference to the
tern axperiance, it should be understood that only
throush experiencse can valuable, correct, and intulitive
Jndgmanta be made. The first premine ia thorefore

nztahlinhad. A oredibls decilsion-maker must vossess

Lo



experience, objectivity, Arid an ability to make decirions

bhased on sound intultive judaments.
The insredisent of human judgment be it only
the sinvlest kind of intuition ie therefore
#n essential pert of any study of poliey, nc
matter how analytiocsl such & study might be.
Jadement oan be alded and cuided by ths tech-
nignem of aclontittcuanalyllo, but it ocan
never de supplanted.
Huvine satablished the requirements needed by a
decision-maker and the need for preliminary diagnosis,
the next step that is necegsary in meking the initial
cholces of method and expenditure of resources in the
analysis effort is the sequential process.
In the sequential process there are basgioally two

decisions,
A terminal decision~-This is a salectlion of
tne coures of Aotien, the decision, which will
terriinate the sequential deciesion proceas.
A continuation desision--This is a decision
between contimiing to obtain information,
with attendant time %olay and oost, and making
s terminal decision.

The vroclems which attend most sienificant preblems
such aa time pressures, cost, utility, and dirinishing
return bogin to dear on the problem. At gome point,
time nressurer mey dictate a temiinal decision. Time
preasures may be A prime consideration from the etand-

point of cholca. If a decision-maker im faced with a

dynamic decigion, he must reant within time constraints

with the moat rational and intuitive judaments possibdle.
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; Systens analysis efforts are very sensitive to time
F constraints. The magnitude of the seriousness of these
] constmints are direotly proportional to the scope of |
the problemr and the dynamlc nature of the eituation.
The time range oan bs extremely wide, from immediate to

the dlestant future. The Department of Defense, in deal-

ing with this problem, has heen forced to reasct from both
ends of the gpeotrum. James R. Schlesinger states:

"Some of the major oholoes of Secretary McNamara were
made when only the socantiest cost data were avallable

and when our understanding of our strategic odbjectives
and Soviet capabilities remained obsoure . . ."5 This
cleaxrly describes choloce as a result of time pressures. |
The other extrems could be desaribed by the lengthy
analysis conduotsed en the Alr Force B-70 system by
Secretnry McNama:*a. The decisions in this osase were
based prirerily on complete analysisg with much less
resard for time pressures or cost but more remerd on

aventual utility.

Resouroe Pe [ |

The resource of people may provide a bamis for a {

decision-maker's choice as to what type of analysis he ' i
mircht undertake. It 1s logieal to believe that in a
ma jor problem, like national esecurity, the decision §
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naker will be inolined to foous whatever resourcee he
mAy possess in sucocessfully finding correct alterna-
tivea. On the other hand, he couid find that he me
multiple problems of equal priority whioch require
analysis. He must make tradeoffs between these prod-
leme. For example, he may find that his resource of
people are enpgaged in an analysis of a problem of such
depth and time pressures that they may be denied to hinm.
The decision-maker must then turn to an alternate source
for assistance or acsept a compromise tradeoff solution
of delaying analysis of another problem, or accepting &
legser analysis of both problems. For example, we will
nggume the Jecretary of Defense has piven his analytical
staff A problen on the nature of the missile geap. Time
and national security diotate immediate results. At the
same time an analyesis of a problem on the feasibility of
using space craft as a war-paking eysten is required by
the Pregident. The Secretary must decide whether he
should constrain the nissile gap study by assigning hie
staft the additionnl and unassoociated requirement to
analyze the feasibllity of the space oraft am A war-
making ayater, or whether he should turn to A non-profit
firm such as Rand Corporation or MITER for the analysis.

In makine his dlagnosis he may deterwmine that the pro-

fession2l exparience is not present on his ataff and

§2
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again turn to the non-profit group for the analysis.

Gost As » Constrsipt

The problem of cost will often determine both the
type and amount of analysis to be conduocted. The best
way to deseribe the use of cost as A method of determin-
ing the effort to be expended ig the "pay-off."” The
cost can take wany forms. Cost in money, people, and
time are squally imporsant, but the decision-maker needs
soms basis for hies expenditure. A "pay-off" in terme of
deterrence and national security may or may not be
tangible in the form of money savings. There are sore
probleme that may face a decision-maker where cost 1is
not felt to be of any significant importance. An
exsmple might be an amalyeie conducted on a system that
oould eliminate war or dbusinegs failures forever. Lven
in this sense there is a "pay-off" both from the intan-
zible sonse as well as the tanzible sense. A successful
analysis could mean a reduction in the intanzidble threat
of way and the tangible cost of defense. The presence
of a positive or negative "pay-off"” will diotate the

decision-maker's cholce in all oases.

The Ultimate 3Ba ]
The "pay-off" to the decision-maker will always lead
hinm to hie ultimete cholce of method and amount of
53
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resource expenditure. Is it always possidble to know
precisely what the ultimate "pay-off" will be? The
answer is no. However, a basis for using systems
analysis is that unsertainties and unverifiable data
can be treated succesef'illy. Thexefore if reasomable
veluez for servioes ocan be established, & useful "pay-
off" table can bs eonstructed. The age o0ld gquestion of
"how mach is enough?"™ can be answered by modern methods.
A cholce of what is enough may be ultimately proven
wrong, hut 1f the investigation is systematic and has
reagonnble values attached, the probabilitiea of
aocess are inoreased.

There i3 a trend to lny'that the "pay-off" may be
settled in the cost-effectiveness ratio. This can be
vory nisleading in that unlese absolute levels of
effectivenmas sre specifisd, the preferred alternatives
eannot he determined. This can be a very dangerous
oriterion on whioh to base expenditure of resources.
The cost or the effectiveness may not cover the problem
complatalys thus, the payoff is inacourate or inconclu-
sive nlternatives.

The real "pay-off" s where the decision-maker has a
cholce hatween a wide range of alternatives at wvarious
costs to him, or he mAy examine a range of sub-systems
ngain at varying oostg. This writer helieves thmt the

54
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ultimate way in which a decision-maker oan arrive at a
fruitful decision 1s to apply some systematioc methodol-
ogy to his deocision in choosing which type of analysis

he should use and how much of his resources he shoulid

expend.

Application of Pay Off Table®
In Chapter III, & method of analysis called "Pay

Off Table” was desoribed as a useful decision-making
tool. This table when constructed provides a decision-
maker with useful information from three considerationst

1. The monetary aspect--an analysis of the expense
involved and the expected riturn in revenue or services.

2. The aspect of foreossting--the uncertainty or
the demand.

3. The riske-how much can be gained or lost. This
saction of the thesis will show an appliocation of a pay
off table to the problem of selecting an anmlysis method
and determining how much resources the decision-maker
should expend on varying levels of analysis effort.

Additionally, the model will provide the return in

numbers of alternatives or subsystem analysis he will

set and stlll have A profitadle analysis effort.

*The thouzhts on pay off table were obtained m a ]
lecture by Dr. Paul A. Vatter, "Deoision Making,">) te §
students of Alr Command and Staff Colleze 14 September 64.
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Some assumptions must be made in order to apply this
type problem to the pay off tabdble.

1. The writer will present an over-sisplified
problem and wodel.

?. The points are over-simplified for ease in
snderstanding by the reader and does not constitute a
weakness in the method.

3. The values aseigned for servioces are arbitrary
and are algo intended only to provide data for the con-
struction of the pay off table.

The reader must apsume the role of a high lavel
deoision-maker, who has a mulit-million dollar system
under conmsideration. The oylt;m is unique in that there
are many unocartainties and very little experience or
data in the area, thus an amlysis of the system ia
desired. BReing u large and complex system, the decision-
maker wants to know whether or not it will be profitable
to use one type of analysis over another and to what
desree he should expend his resources.

He wants to know how many valid alternatives he will
get for A given expenditure; also, he wants to know how
many subaystems oan be analyzed for a vriee. In any
svent he wants to see what the "pay off"™ of his wvarious

analyeis alternatives will bo, In order to prooceed with

the nodels, it must also be assumed that there is a
56
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value to the decision-makur in having valid alternatives
and analysis of subsystems.

The decision-maker hms thres alternatives:

A. Don't do any anmalysis.

B. (1) Apply ten analysts for six months.

(2) Cost will be %100,000.
C. (1) Apply 20 analysts for six months.
(2) Cost will be £175,000.
(Costs include salarie:s and analysis expenses.)

For the purpose of this model, assume the value of
each valid alternative unsovered to be £10,000 and each
subsystem analyzed to be $10,000. The model (Figure 7)
is an over-simplified example of ths technigue used in
this type analysis. The first ocolumn on the left, for
exanple, shows only three ranges of alternatives. This
range could vary from zero to points in between those
siven or above the highest shown. The analysis alterna-
tives have bean limited to three; again, others could
have been considered.

In breakine down this problem and solving each pert
separately, the monetary will be covered first. Lnter-
ing the table (Figure 7), the first alternative of not
doing any analysis, all zeroes would be placed by all

new systems nlternatives, as nothinec wes gained or lost.

Lookins at slternative “B" with a fixed cost of $100,000,
57
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PAY OFF TABLE

ALTERRATIVES

20 (1] +$100,000 +325,000

New Systom
0 + $0,000 - 258,000
Alternatives
S 0 - 0,000 «125,000
PIGURE 7

it is determined that five new systess alternatives
would result in & loss of $50,000 ($100,000 cost minus
350,000 value of new alternatives). Using the same ocost
data with 15 new alternatives, & profit of $50,000 is
made (3150,000 value of new alternatives minue $100,000
cost of analysis)., And finally, agsin using the same
cost ds%a, a profit of $100,000 is made ($200,000 wvalue
of new alternatives minus $100,000 cost of analysis).
Moving to the last analysis, alternative "C" with a
fixed cost of $175%,000, we again enter the table with
five new gystems alternmtives. This would result in a
loss of %125,000 ($175,000 cost minus $50,000 value of
new alternative). With 15 new systen alternative, s

loss of 925,000 oococurs ($175,000 ocost minue $150,000

value of new system alternative) and at 20 new system
£8
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alternstive, A profit of $25,000 ($200,000 value of new
alternative minus $175,000 cost). The aspect of the
monetary oonsideration has thue been handled without
ocompliocating the next consideration--that of
"forecasting."

We are now dealing with unoertainty, the question of
what we really think the odds are. Using the model
(Pigure 7) S, 15, or 20 new valid gsystems alternatives
will result from an analysis effort. It is here that
work with the betting odds begins. We will say that the
odds are one in two that we get five valid alternativess
one in three that we will ges 15 valid alternatives; and
one in six that 20 valid alternatives are produoed. A
foreonst is based on alternmatives--with different like-
lihoods, hence tie Jjudgnent of odds. Try and find the
most valid odds. Use all data awvailable such as records
of past experiense; look for different or neculiar
features that may affect your Jjudgment of the odds. Do
not let the monetary aspeoct be a factor in developing
your forecaat or odds.

In dealing with the final espect, that of risk, the
writer will again simplify the problem. While there are
many methods for establishing risk--by utility theorles

or Judgment, they will not be considered nacnesasary for

this problem. Assume the amounts of money involved are
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not unusual to the decision-maker cost wise, tnt the pay
of f mey be smiznifioant in terms of alternatives xith
far-reaching values. Therefore, the writer will assume
away the risk with & judgment.

%@ Will now put the prohlem back together. The
oriterion for the solution of the problem will be the
groatest "Fxpeocted Honetary Value" (EMV of Alternatives

"B and "C").

PAY OPF TABLE AND EMV

New System ALTERNATIVES
Alterna- Ly wgw C Foraew mV
tives Don't cant Data
Do Agg Oddms 1" Vol
- et
20 0 +%100, 000 +25,000 1/6 +16,666 44,166
15 0 + $0,000 -25,000 1/3 416,666 -2,333
5 n - 50,000 ~125,000 1/2 25,000 =62,500
PICURE R

The index for the actions covered might be the average
weished by the likelithood (o0dds) that 1t will oceur. For
examplo, the FMV of "B" wonld bes

1/2 of =1%0,000 (=$2%,000) Plus
1/3 of +350,000 (+%1 362%)?1‘:- w RV (28,332)
| J

1/6 of +2100,00C (+%1
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The EMV of "C" would be:
1/2 of -11?5.000 i §§2 2500) Plus

|
| 1/3 of - .ooo
i

| 1/6 of + 25.000
|
|
|

22) Plus = ENV (-2366,667)
In this case we would choose alternative "B.” The

EHMV of 438,332 19 an index of the desirab.lity. The

larger the number, the more desirudble. Thus, the

é i deolglon-naker could look at this wmodel and its remults

' | say that from a monetary, uncertainty, and risx etand-

point, alternative "B" 18 more favorable.
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CHAPTER VI

CONCLUS JONS

An understanding of the faotors & decision-maker
must coneider in selecting the method and extent of
analysis effort is necessary in order to perform frult-
ful snalysies efforts. In previous chapters, needs,
methodolozy, apvlication, and problems with analyses
have Deen treated. The question of method and how much
to expend in the effort, can de detemined if--as with
the nse of the pay off tabls in Chapter V--an unbiased,
oblective, rational, and systematioc discipline is used.
The writer bolieves that with careful attention to
vrlnes, the model, and methedology of the "pay off"™ type
analyeis, many difficult deocisions as to method and
extant of reesource application could be satisfactorily
reacned by decision-malkers.

It i also conclnded that careful cholces in method
of analysis and expenditure of resonrr-< will result in
frujtful annlysis efforta. Decisionemukers must:

1. Insure that the cholce of method and extent of
Analysis bost achieves their objective.

2. Remenmber that analysis does not solve problems
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or always provide the most correct choice, but rather
1t eliminates poorer and inefficient choloes.

3. Carefully seleat their diagnosis criteria to
insure that the method and extent of analysis selesoted
is ralatives to the objective of the anmnlysis.

L. Be aware that sound Judgment and intuitive
reasoning in seleoting method of analysis and resource
appliocation is still a basioc regquirement when using
analysis as a decision-making tool.

Reoonpendation
Recommend that the Department of Defense nrovide
guidance to decision-makers which will insure that all
the factors considered in this thesis are carefully
oexanmined bhefore a wmethod of analysie or expenditure of

resouroes is made.
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